ABSTRACT Background: The critically ill patients are having nutrition problems in dealing with the critical condition. The problem of nutrition is demanding on the severity of illness. Therefore, the ICU nurses should understand how nutrition can support the patients' recovery. Objective: This study's aim was to compare the result of energy expenditure calculation of conventional method with Ireton-Jones method for critically ill patients in the intensive care unit. Methods: This was a comparative and cross sectional study which recruited 40 samples. The samples were divided into two groups, conventional group method and Ireton-Jones group method, and they met the inclusion criteria. The sample of this study was determined by convenience sampling. To answer the hypothesis, the hypothesis test used Independent sample t-test. Results: The results revealed that there is no significance difference between energy expenditure calculation conventional method and Ireton-Jones method statically. In the other word, either used the conventional method or the Ireton Jones method, the result of energy expenditure calculation has statically significant difference. Conclusion: It can be concluded that the nurse can use both method to calculate the energy expenditure for critically ill patients to meet their nutrition need. We suggest that for further investigation will recruit many samples and do control of other factors that might be influenced in the study.
INTRODUCTION
Critically ill patients are a condition who were experienced a critical illness, and in the process of dealing with their ailment required a plethora treatments. The one of treatment was needed including nutrition requirement. Nutrition can be interpreted as a process that people eat some foods which is normally consumed. The nutrition digested in digestive system by absorption, transportation, storage, metabolism, and spending the substances that are not used. The nutrition was used for life, growth, and normal function of organs, as well as to generate energy. 1 Patients in the critical care units considered at risk of experiencing nutritional problems. 2 Critical care nurses are important in the nutrition therapy because they administer nutritional formulas to critically ill patients. 3 The adequate of nutrition intake is determined by the ratio of the amount of energy consumed by the number of nutrient needed. 4 The critical ill patients who are admitted to the Intensive Care Unit (ICU) often received inadequate nutrition due to the factor of incorrect prediction of the requirements and due to the late of early giving nutrition. 2 Calculation between the needs and the inputs of nutrition can be determined by mathematical equations. The mathematical equations is commonly used to estimate basal energy expenditure (BEE). 5 The calculations of energy expenditure such as, Harris-Benedict equation, 6 Ireton-Jones, 7 and Fick method. 8 However, there is no study related to energy expenditure calculation for critically ill patients in Indonesia, particularly in nursing science.
The preliminary study found that nutrients calculation that used in the intensive care unit at the hospital is a simple formulation (conventional) that is 25-30 kcal/kg/day for adults in critically illness. An interesting finding was the health care providers do not clearly understood the formulation come from. This study is firstly conducted in the hospital for calculating and starting provided nutrition for critically ill patients. Ireton-Jones equation calculates by including the patients' state, such as spontaneously breathing or depend on the respirator. 9 The main objective in this study was to compare the conventional method of calculating energy expenditure with Ireton-Jones method for critically ill patients in the Intensive Care Unit (ICU) of a central rural hospital in Semarang, Indonesia. We hypothesized our study was the Ireton Jones group will have mean difference compare to the conventional method in the energy expenditure calculation.
The results of this study will be as an evidence of regulatory of nursing service when the nurse does calculation energy expenditure for critically ill patients. The nurses are able to lead and apply the method of nutritional needs calculation, particularly in critical ill patients, 4 then the expected Length of Stay (LOS) might be decreased 2, 10 and the cure of the patients will be decreased. The results of this study also can be used for guidance or initial overview to conduct further research related to the calculation of the nutritional needs for critically ill patients.
LITERATURE REVIEW
Critical illness increases energy expenditure. Griffith and Bongers in Woodrow suggested that total energy expenditure is 25 kcal/kg/day in severe sepsis and 30 kcal/kg/day in trauma. 1 However, increased energy expenditure is often not matched by the body's ability to use energy sources from food. Assessing nutritional needs is a complex task, usually undertaken by dieticians. Hence, the critical care nurse should recognize how assessing and applying the nutrition needs for their patients.
There are several physiologic, pharmacologic, and environmental factors that may influence rest energy expenditure (REE) and therefore affect the measurement by indirect calorimetric. Therefore, a standardized, clinical protocol that clearly defines the experimental technique is necessary at any institution to ensure accuracy. It is important to accurately determine energy requirements when formulating a nutrition care plan to prevent the complications of under or overfeeding. In many institutions, standard prediction equations are used to estimate patient's basal energy requirements, and "stress" or injury factors are added, depending on the type and severity of the illness, to estimate total energy requirements. 11 However, as will be reviewed, some of these equations were developed for use in healthy individuals, and their use in critically ill patients often results in estimations of energy needs that are off by as much as 30%. 9 Therefore, to avoid large errors in estimating energy requirements, it is recommended that energy expenditure be measured in critically ill patients in whom it is technically and clinically feasible Routine intensive care interactions can also alter energy expenditure. Bathing and physical examinations may increase energy expenditure in a critically ill patient up to 20% more than resting values, and chest physical therapy may increase basal needs by 35% restlessness or agitation in the critically ill patient may account for as much as 10% of total energy needs. 3, 12, 13 Although it appears that most activities, including painful procedures such as blood draws affect energy expenditure temporarily, REE is returned to baseline within an hour. However, measurements should be postponed at least 2 hours after a change is made in ventilator settings for the patient to achieve a new steady state. 9 Fung also was certain that the medications have an independent effect on REE. Some result in elevations and others in reduction in caloric use. Those that have been shown to elevate energy expenditure are aspirin, in doses commonly used nicotine; and caffeine. Those shown to depress energy expenditure are sedatives and analgesics and of course anaesthesia. 9 Furthermore, all measurements should be conducted in a thermo neutral environment, avoiding cool temperatures and drafts, because the normal response to cold may induce shivering thermogenesis. 14, 15 There are several methods that can be used to predict total energy expenditure for critically ill patients. Each methods had advantages and limitations. Table 1 are presented the methods and their advantages and limitations. Although the methods had the beneficial and disadvantages, the methods can be used in nursing practice depend on the institution regulation to better outcome of the patients.
In conclusion, calculation energy expenditure used Ireton-Jones method was widely used in critical care unit. However, the clinical dilemma appeared which one the energy expenditure equation to use. 16 Studies finding on energy expenditure equation was also widely filling the evidence of nutrition issue among critically ill patients. Although, the equation of energy expenditure was existing, the further investigation for nurses is necessary as the nutrition need is responsible of the critical care nurse.
METHODS
This research is a kind of nonexperimental descriptive research with quantitative methods and comparative study with cross-sectional approach. The research was conducted in the Intensive Care Unit (ICU) of central rural hospital in Semarang-Central Java, Indonesia. The inclusion criteria of the samples were 1) aged 18 -60 years, 2) male and female, 3) and admitted in ICU for 3 -5 days, and 4) either patients used ventilator or not.
To anticipate the number of samples used in this study, researchers used Cohen's method of sample size with a moderate effect size on α = 0.05 and power 0.80 and got the 35 patients finally in each group. 17 However, time constraints was a limitation for this study, due to the nature of environment condition and patients' illness, thus there was only 20 patients in each group that the researchers got. The sample of this study was determined by convenience sampling and random approach. The samples then was assigned into two groups by lottery method.
Data
This study was approved by the ethical clearance from the Faculty of Medicine, Diponegoro University and the hospital. In order to require permission from the respondents, the researchers gave the informed consent to the patients directly who were conscious. However, for the patients who were unconscious the informed consent was asked to the family. Anonymity, autonomy, justice, and confidentiality were also concerned in this study in order to meet the ethical consideration. The results obtained data male was mainly 52.5% (21 respondents), and 47.5% (19 respondents) are female. The distribution of aged mostly aged more than 50 years was 21 respondents (52.5%). In addition, the respondents were in 55-64 kg stayed 18 respondents (45%). Likewise, the distribution frequency of respondents with the height range of 145-160 cm be located 25 respondents (62.5%) were mainly in this study. Chi-square resulted that there were no difference between conventional group and IretonJones group in the demographic characteristic (p > 0.05). The demographic characteristics was presented in table 2.
RESULTS

Frequency distribution of the
The BMI (Body Mass Index) of the respondents can be classified into 3 categories: underweight was 10% (4 respondents), the normal range was 57.5% (23 respondents), and obese was 32.5% (13 respondents). Samples who used the ventilator support was 32.5% (13 respondents), as well as 67.5% (27 respondents) did not use the ventilator support (Table 3) .
The health status of the respondents consisting of the patients with skeletal trauma was one respondent (2.5%); mild to moderate infections was 13 respondents (32.5%); abdominal / severe chest surgery and multiple trauma were 6 respondents (15%); closed head injury was only one respondent (2.5%); there are 4 respondent (10%) who diagnosed by sepsis; minor surgery as much as 2 respondents (5%); and congestive heart failure was 7 respondents (17.5%) ( Table 3 ). In conclusion, there were no difference in clinical characteristic between conventional group and Ireton-Jones group. The independent t-test (table 4) obtained that the mean difference of energy expenditure of conventional methods was 1383.8 kcal (SD = 386.13 kcal), while for the mean difference of calculation of the energy expenditure Ireton-Jones method was 1575.4 kcal (SD = 785.94 kcal). The mean value of Ireton-Jones method is greater than the conventional method, this indicates that the average energy expenditure calculated using the Ireton-Jones has a larger calculation. The mean difference between both methods was 131.6. A large standard deviation of the conventional method and Ireton-Jones method is caused by the distribution range of the calculation result as huge variation. Moreover, the conventional method has a minimum value of 500 kcal and a maximum of 2200 kcal, whereas the Ireton-Jones method has a min and max value 69.12 -3095.04 kcal. In this study, the value of t-test is -0.97 (p > 0.05). It can be decided that the hypothesis of differences in the calculated energy expenditure of conventional methods and methods of Ireton-Jones were rejected. In other words, this result show that there is no difference in the results of conventional methods of calculating energy expenditure and IretonJones method. In this study, the value of t--test is negative value as the average difference between group conventional method and group method Ireton Jones has a greater mean than conventional methods, therefore the results would be statistically tested negative. Although, statically showed there was no significance difference between both groups, clinically the result of the energy expenditure calculation has a difference in result of calories.
DISCUSSION
The adequacy of nutrient intake was determined by ratio of energy consumed amount by the number of the energy needed. 18 The accuracy between the needs and inputs of nutrients can be determined by mathematical equations. Both of the equation of the energy expenditure calculations show that no significance differences. The average differences between both calculation results were only 131.6 kcal. These results were contrary to the researchers' hypothesis in which there were differences in the results of conventional methods of calculating energy expenditure and Ireton-Jones method.
Critically ill patients faced the reality of under calories of nutrition. It might be due to the health care provider did incorrect prediction of the nutritional requirements. 2 The results of statistical test had shown that there were no significant differences between the conventional methods and Ireton-Jones method. The interesting underlined that the t-test produced a negative t value, as mean of the conventional group is quite smaller than the mean of Ireton-Jones group. This means that the calculation by Ireton-Jones method produces kilocalories greater than conventional methods. The average difference between the two methods should be reviewed considering the provision of nutrients that is overfeeding or re-feeding would influence the healing process of the client. 19 The results of another study stated that there were some similarities calculation (difference not significant) of the energy expenditure calculation method. 8 Others, including study of Volp, et al 18 argued that some methods that used in energy expenditure equation had several advantages and disadvantages. The critical care nutrition 20 ruled the predictive equations of REE and indirect calorimetric in patients in the hospital, and found that the most accurate equations was Harris-Benedict method. 21 A study by Dickerson and colleagues 14 on patients' skin showed that these patients have a variety of hyper-metabolic and energy expenditure cannot be predicted accurately. Even, recently study on energy expenditure is more sophisticated using computerized information system (CIS) to analyse the energy balance in critically ill patients receiving mechanical ventilation. In other words, the energy expenditure equation by any other methods needs more investigation.
The critically ill patients should be achieved 3.000-5.000 calories with an assumption that by giving a greater amount of calories will help a faster healing (hyper-alimentation). The provision of excessive calories will affect complications of carbon dioxide. 3, 11 The patients who are using ventilator will find difficulties to the weaning and will appear a very hyperosmolar environment, which can cause diuresis osmotic and the disturbances of fluid and electrolyte. 12 This study outcome only showed the average calorie intake was 1383.8 to 1575.4 kcal. Definitely, the assumption of calories achievement for the critically ill patients still needed more investigation.
The research is strongly influenced by other factors beyond the control of researchers. Another study conducted by the experts mentioned that the estimated rest metabolism rate (RMR) using predictive equation was individually; and they conclude that the records error and certain restrictions on any individual might do when they are into a range of ages and ethnic groups. The study of comparative measurement and prediction of REE should include a variety of clinical factors, such as compliance with medical therapy, weight changes, blood sugar control, dam treatment, which is useful to improve the delivery of clinical nutrients. 22 In contrary, no significant difference between the two methods can also be influenced by differences in the number of patients studied population with a population that is used by other researchers. Follow the research of Flancbaum et 
LIMITATIONS
In this research, it was found Type II error because this study accepted the null hypothesis. It was because the sample size was too small to make a comparison. In addition, we did not used another tool to score the patients state by APACHE. Therefore the comparison result statistically seem there was no difference. However, Ireton-Jones method was practically answered the total energy expenditure that required for critically ill patients.
CONCLUSION
Measurements of energy expenditure using conventional methods are not feasible in many clinical settings. In the absence of direct measures or other accurate methods, estimates of energy requirements should be made carefully. Critical care nurses need a better understanding of the tools they use and their limitations. Ultimately, nurse' techniques are likely to be based on those learned during their education and practical training.
To improve practice, revision of education guidelines should be a priority. Practice guidelines for the most appropriate methods for estimating energy requirements must be established. These should identify in what situations and for what patients special care and caution is necessary for determining patients' energy requirements. The degree of accuracy that is acceptable must also be determined.
This study points towards the identification of two patient groups; one where a universal assessment will be adequate and another where more detailed measurements are required. Prediction equations would only be useful in generating estimates for the former group. For the latter group, more accurate prediction methods or more practical, validated measurement methods are needed. In either case, steady monitoring and follow-up of patients is crucial to guarantee the provision of adequate nutrition.
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